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Abstract

OBJECTIVES—Evidence suggests inflammation is associated with cognitive impairment, but
previous epidemiological studies have reported conflicting results.

DESIGN—Prospective population-based cohort.
SETTING—Epidemiology of Hearing Loss Study participants.
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PARTICIPANTS—Individuals without cognitive impairment in 1998-2000 (N = 2,422; 1,947
with necessary data).

MEASUREMENTS—Cognitive impairment (Mini-Mental State Examination score <24 or
diagnosis of dementia) was ascertained in 1998-2000, 2003-2005, and 2009- 2010. Serum C-
reactive protein (CRP) and interleukin-6 (IL-6) were measured in 1988-1990, 1998-2000, and
2009-2010; tumor necrosis factor-alpha was measured from 1998-2000.

RESULTS—Participants with high CRP in 1988-1990 and 1998-2000 had lower risk of
cognitive impairment than those with low CRP at both time points (hazard ratio (HR) = 0.46, 95%
confidence interval (CI) = 0.26-0.80). Risk did not differ according to 10-year IL-6 profile or
baseline inflammation category in the whole cohort. In sensitivity analyses restricted to statin
nonusers, those with high 1L-6 at both times had greater risk of cognitive impairment than those
with low IL-6 at both times (HR = 3.35, 95% CI = 1.09-10.30). In secondary analyses, each
doubling of IL-6 change over 20 years was associated with greater odds of cognitive impairment
in 2009-2010 in the whole cohort (odds ratio (OR) = 1.40, 95% CI = 1.04-1.89), whereas a
doubling of CRP change over 20 years was associated with cognitive impairment only in statin
nonusers (OR =1.32, 95% CI = 1.06-1.65).

CONCLUSION—With data collected over 20 years, this study demonstrated greater likelihood of
cognitive impairment in individuals with repeated high or increasing IL-6. The inconsistent CRP
findings may reflect effects of statin medications, survival effects, or adverse effects associated
with chronically low CRP. Further studies of long-term inflammation and cognitive impairment
are needed.

Keywords
cognition; dementia; inflammation; epidemiology; population-based

Dementia is a significant public health burden. A recent study estimated that 35.6 million
people worldwide had dementia in 2010, and this number is expected to double every 20
years, to 115.4 million in 2050.1 Many of the shared risk factors for cardiovascular disease
(CVD) and other chronic conditions are also thought to be associated with dementia,
including inflammation.2-4

Relatively slight elevations in levels of inflammatory markers, including C-reactive protein
(CRP), interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-ca), have been
independently associated with CVD,>6 diabetes mellitus, "2 cancer,1? frailty, and
mortality.11-13 Inflammation is integrally involved in atherosclerosis,14 which is one
mechanism by which it might also be involved in the development of cognitive impairment.
Inflammatory molecules have been observed in the cerebrospinal fluid and amyloid plaques
of individuals with Alzheimer’s disease (AD).1® Prior longitudinal epidemiological studies
have reported mixed results from analyses of inflammatory marker levels with dementia or
cognitive impairment,16-23 provoking a recent meta-analysis that reported that higher CRP
and 1L-6 levels are associated with modestly greater risk of all-cause dementia.24

One concern in previous studies was whether inflammatory markers measured at a single
time point would reflect long-term inflammation exposure. In the current study, IL-6 and
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CRP levels measured from three examination phases were used to better characterize long-
term inflammation exposure status. The aim of the study was to determine whether long-
term inflammation was associated with incident cognitive impairment in a large population-
based cohort.

Study Population

Outcome

The Epidemiology of Hearing Loss Study (EHLYS) is a population- based longitudinal study
of sensory loss and aging in Beaver Dam, Wisconsin (1993—present). In 1987-1988, a
private census identified 43- to 84-year-old residents of the city or township of Beaver Dam,
Wisconsin. There were 5,924 eligible participants, and in 1988-1990, 4,926 (83%) of these
participated in the first examination phase of the Beaver Dam Eye Study (BDES).?> Those
who participated in the baseline BDES and were alive on March 1, 1993 (n = 4,541) were
eligible for the EHLS, and 3,753 (82.6%) participated in the first EHLS examination phase
from 1993-1995.26 Follow-up examinations were conducted at 5-year intervals (1998-2000,
2003-2005, and 2009-2010), and all achieved participation rates >80%.27:28

Cognition was first measured for all participants at the EHLS examination in 1998-2000
(baseline in these analyses). Participants with prevalent cognitive impairment (as defined
below) in 1998-2000 were excluded from the current study. Participants without cognitive
impairment in 1998-2000 were eligible (n = 2,422). The Health Sciences institutional
review board of the University of Wisconsin approved this study, and informed consent was
obtained from each participant.

The Mini-Mental State Examination (MMSE) was administered in 1998-2000, 2003-2005,
and 2009-2010.2° The MMSE is a brief test of general cognitive function and is often used
as a screening device for cognitive impairment. 30 Cognitive impairment was defined as a
MMSE score <24 (out of 30) or a self- or proxy-reported diagnosis of AD or dementia.

In 2009-2010, additional cognitive tests were administered: Trail Making Test Parts A and
B (TMT-A, TMT-B), Digit Symbol Substitution Test (DSST), Verbal Fluency Test (VFT),
and Auditory Verbal Learning Test (AVLT).31 Two memory questions were added: “Have
you, your family, or your physician ever expressed concerns about your memory?” and “Do
(your) memory loss symptoms interfere with your ability to do your own day-to-day
activities?” For each test, participants who performed worse than the third to fifth percentile
based on published age-specific normative data were considered impaired in the
corresponding cognitive domain: executive function (DSST,32 TMT-A,33 TMT-B33),
memory (AVLT34), or language (VFT; for VFT, cut-points were set to 1.5 SDs below the
mean and were also education-specific, based on available normative data3®). Based on
recommended criteria for mild cognitive impairment (MC1)3¢ and all-cause dementia,3’
cognitive test performance and responses to the memory questions were used to categorize
participants as having normal cognition or MCI or dementia. MCI was defined as a positive
response to the first question (memory concerns), impairment in at least one cognitive
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domain, and not meeting the definition for dementia. Dementia was defined as a positive
response to the latter question (memory affects functioning) and two or three impaired
domains or a self- or proxy report of physician-diagnosed AD or dementia. For these
analyses, MCI and dementia were subsequently collapsed into one category, MCl/dementia.

This study was limited to participants without cognitive impairment in 1998-2000. Incident
cognitive impairment was ascertained in 2003-2005 and 2009-2010, and MCIl/dementia was
ascertained in 2009-2010.

Inflammatory Markers

Covariates

Blood samples from 1998-2000 and 2009-2010 were assayed for inflammatory markers in
2011 at the University of Minnesota. Serum CRP was measured using a high-sensitivity
latex particle-enhanced immunoturbidimetric assay kit (Roche Diagnostics, Indianapolis,
IN). The interassay coefficient of variation (CV) for the laboratory was 4.5%. The reference
range was 0 to 5 mg/L. Serum IL-6 was measured using the quantitative sandwich enzyme
technique of enzyme-linked immunosorbent assay (Quanti-Kine High Sensitivity Kit, R & D
Systems, Minneapolis, MN). For IL-6, the interassay CV was 11.7%. Samples from 1998-
2000 were assayed for serum TNF-a using a human TNF-a enzyme-linked immunosorbent
assay (QuantiGlo, R&D Systems). The interassay CV was 13.0%.

Data on inflammatory markers from 10 years before baseline (1988-1990) were available
from the BDES.38 Serum CRP was measured using a high-sensitivity latex particle-
enhanced immunoturbidimetric assay kit (Kamiya Biomedical Co., Seattle, WA). The
reference range was 0 to 0.5 mg/dL. The CV was 4.5%. Although reagents from a different
manufacturer were used for these earlier CRP measurements, the same laboratory performed
the assays using the same method as the later CRP measurements (described above), and
their comparison study found excellent correlation between levels measured using reagents
from the two manufacturers (correlation coefficient = 0.998). Serum IL-6 was measured for
a sample of participants as part of a substudy using the same methods for the I1L-6 at the
later time points (described above). The reported CV was 6.5% to 9.6%.

Unless otherwise noted, covariate data were obtained from the baseline examination phase
(1998-2000). Education was self-reported and categorized as <12, 12, 13-15, or 16 or more
years. General mental health was measured using the Mental Component Score (MCS) of
the Medical Outcomes Study 36-item Short-Form Health Survey (SF-36), in which higher
scores indicate better mental health.3? Participants self-rated their overall health as excellent,
good, fair, or poor; fair and poor were combined for analyses. Participants self-reported
smoking behavior (never, former, current) and exercise (number of times per week engaged
in regular activity long enough to work up a sweat). Ever heavy drinking was defined as
regular consumption of four or more alcoholic drinks per day, self-reported at any
examination phase from 1988-2000. Height and weight were measured, and body mass
index (BMI) was calculated by dividing weight (kg) by height (meters) squared. A BMI of
30.0 kg/m? or more was considered obese. Apolipoprotein E (APOE) genotype was
measured (Children’s Hospital of Philadelphia, Center for Applied Genomics) in
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participants of the 5-year follow-up phase (2003-2005) and was available for 87% (n =
1,691) of the 1,947 participants in the analytical sample. Histories of transient ischemic
attack, CVD (myocardial infarction, stroke, or angina pectoris), and arthritis were based on
self-reported physician diagnosis. Diabetes mellitus was defined as a self-reported physician
diagnosis, treatment for diabetes mellitus, or a glycosylated hemoglobin level of 6.5% or
greater. Systolic and diastolic blood pressure were measured according to the Hypertension
Detection and Follow- Up Program protocol.*0 Hypertension was defined as systolic blood
pressure of 140 mmHg or greater, diastolic pressure of 90 mmHg or greater, or a self-
reported physician diagnosis of hypertension and current use of hypertension medications.
Participants brought all medications used in the past month, and examiners recorded
medication names. Statin use was defined as use of any statin medication in the past month.
Participants were also asked whether they had used aspirin at least twice per week for 3 or
more months. Nonsteroidal anti-inflammatory drug (NSAID) use was defined as an
affirmative response to this question or presence of aspirin or nonaspirin NSAIDs among the
medications used in the past month.

Statistical Analyses

Statistical analyses were conducted using SAS (SAS Institute, Inc., Cary, NC). Of the
eligible participants (without cognitive impairment at baseline, n = 2,422), 475 were not
included in any analyses because they were missing necessary exposure or outcome data
(mostly losses to follow- up due to death). Of the remaining 1,947 participants (the
analytical sample), baseline characteristics of those who developed incident cognitive
impairment during follow- up (n = 178) were compared with characteristics of those who
did not (n = 1,769). These comparisons used the Cochran-Mantel-Haenszel statistic for
general association 41 and were age and sex adjusted. The Kaplan-Meier method was used
to estimate the 10-year cumulative incidence of cognitive impairment in the analytical
sample (n = 1,947).

Marker levels were modeled primarily as categorical variables to compare participants with
high inflammation at two time points with those with low inflammation at two time points.
Thus, 10-year CRP and IL-6 profiles were based on marker levels in 1988-1990 and 1998—
2000. Ten-year CRP profiles were high-high (CRP =2.81 mg/L at both time points), low-
low (CRP <1.15 mg/L at both points), and all other (remaining participants). Likewise, 10-
year IL-6 profiles were high-high (IL-6 >2.64 pg/mL at both points), low-low (IL-6 <1.64
pg/mL at both points), or all other. These cut-points for the 10-year profiles were tertiles
from the distributions of 1988-1990 levels in participants without cognitive impairment at
baseline.

For separate analyses with baseline (1998-2000) inflammation categories only, cut-points
were defined according to tertiles from the distribution of 1998-2000 levels in participants
without cognitive impairment (for CRP: <1.44, 1.44-3.61, =3.62 mg/L; for IL-6: <1.187,
1.188-2.26, >2.26 pg/mL; for TNF-a: <1.01, 1.02-1.477, >1.477 pg/mL).

Discrete-time Cox regression models were used to estimate the associations between
baseline categories and 10-year inflammation profiles, respectively, and incident cognitive
impairment in 2003-2005 or 2009-2010. The proportional hazards assumption was tested
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with interaction terms for inflammation categories by time, and no significant violations
were detected. MCI and dementia were ascertained only in 2009-2010, and all analyses with
the MCl/dementia outcome used logistic regression.

Models were initially adjusted for age, sex, and education (Model 1). Other potential
confounders (described in Covariates section) were considered for inclusion in Model 2 to
determine whether inflammation categories were independently associated with cognitive
impairment risk after further adjustment for risk factors and comorbid disease. Covariates
were retained in Model 2 if they moderately changed inflammation estimates or were
statistically significant. Some covariates were conceptualized not only as potential
confounders, but also as potential mediators (e.g., stroke, myocardial infarction), yet were
ultimately included in Model 2 because the associations between inflammation and
cognitive impairment were stable upon adjustment, making a separate mediation model
redundant. During the multivariable modeling process, within each outcome, similar sets of
covariates were retained across the various inflammation exposures, with discordant
variables making little difference. Thus, for each outcome, a standard set of covariates was
used and noted in the respective table.

Potential effect modification according to APOE &4 carrier status was tested by including an
interaction term for APOE &4 carrier status by categorical inflammation variable, along with
a main effect term for APOE &4 carrier status, in each respective Model 1. Because statin use
may lower inflammation,*2-45 sensitivity analyses excluded those using statins during a
given exposure period. Additional sensitivity analyses excluded those with CRP levels >10
mg/L, which may indicate an acute inflammatory response.®

To compare results with those of a previous study,8 secondary analyses used change in
CRP and IL-6 levels over the 20-year period as continuous variables with a log (base 2)
transformation to accommodate the skewed data (e.g., 1092(CRP2gg9-10/CRP1988-90))- For
example, with the CRP transformation, each one-unit increase in loga(CRP2gog-10/
CRP19gg_g0) corresponds to a doubling in CRP 20-year change. Thus, odds ratios will
quantify the effect of a doubling in 20-year change in CRP or IL-6. Logistic regression
models were used to examine the associations between 20-year change in inflammatory
marker levels and the odds of incident cognitive impairment in 2009-2010 and, separately,
MCl/dementia in 2009-2010. Models included the same standard sets of covariates
determined in the analyses with categorical inflammation. Because CRP trajectories have
been shown to differ considerably in statin users, these 20-year change analyses were
repeated in only participants reporting statin nonuse at all five phases.

RESULTS

Participants who developed incident cognitive impairment at the 5- or 10-year follow-up
were older and less educated and had worse mental health (lower SF-36 MCS) than those
who did not develop cognitive impairment, and greater proportions reported ever heavy
drinking, a history of stroke, and fair or poor self-rated health (Table 1). The 10-year
cumulative incidence of cognitive impairment was 10.3% (n = 1,947). The plots of the crude
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proportions without cognitive impairment by age illustrated greater difference according to
10-year IL-6 profile (Figure 1) than CRP profile (Figure 2).

As shown in Table 2, those in the high-high CRP group were less likely to develop cognitive
impairment in the subsequent 10 years than those with low-low CRP. There were no
statistically significant differences in cognitive impairment risk according to 10-year IL-6
profile or baseline inflammation categories in the whole cohort (Table 2). In sensitivity
analyses restricted to statin nonusers, only the results for 10-year IL-6 profile were
substantially different from the results in the whole cohort (Table 2). Of statin nonusers,
those in the high-high IL-6 group were estimated to have more than triple the risk of
cognitive impairment than those with low-low IL-6 (Table 2). The results with the MCI/
dementia outcome (Table 3) were generally consistent with those for the cognitive
impairment outcome. Participants with high-high CRP had lower odds of MCl/dementia
than those with low-low CRP, and no significant associations were observed with baseline
inflammation categories or 10-year IL-6 profiles (Table 3). Results were not substantially
different in sensitivity analyses restricted to statin nonusers (Table 3). The primary results
were not considerably different when analyses excluded participants with CRP levels >10
mg/L, except the lower odds of MCl/dementia for those with high-high CRP were no longer
statistically significant (data not shown). No significant interactions with APOE &4 carrier
status were observed.

In the secondary analyses using continuous variables for change in inflammation over the
20-year period (1988- 1990 to 2009-2010), each doubling in IL-6 change over 20 years was
positively associated with cognitive impairment (odds ratio (OR) = 1.40, 95% confidence
interval (Cl) = 1.04-1.89; Model 2; n = 560) but not MCI/dementia (data not shown).
Twenty-year CRP change was not associated with either outcome in the whole cohort (data
not shown), although in sensitivity analyses restricted to statin nonusers, each doubling in
CRP change over 20 years was positively associated with cognitive impairment (OR = 1.32,
95% CI = 1.06-1.65; Model 2; n = 586) and MCl/dementia (OR = 1.24; 95% CI = 1.03-
1.49; Model 2; n = 585). IL-6 results in statin nonusers were similar to those in the whole
cohort, except the association with cognitive impairment was no longer statistically
significant in the reduced sample (OR = 1.55 per doubling in IL-6 change, 95% CI = 0.93—
2.60; Model 2; n = 251).

DISCUSSION

High CRP level in 1988-1990 and 1998-2000 was associated with lower risk of cognitive
impairment over the subsequent 10 years. High IL-6 level at both time points was not
significantly associated with cognitive impairment risk in the whole cohort but was
associated with triple the risk of cognitive impairment in those not using statins at or before
baseline. Baseline inflammation categories were not associated with either outcome.
Increasing IL-6 over 20 years was associated with greater odds of concurrent onset of
cognitive impairment, and in statin non-users, a similar positive association was observed
for 20- year change in CRP. Consistent results were observed with the MCl/dementia
outcome, except 20-year IL-6 change was not associated with MCl/dementia.

J Am Geriatr Soc. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Wichmann et al.

Page 8

The IL-6 results are generally consistent with previous studies, although few studies have
included IL-6 levels measured at multiple times, and to the knowledge of the authors, none
have compared the risk of cognitive impairment between those with repeatedly high levels
of IL-6 and those with repeatedly low levels of IL-6. Statin nonusers had a greater risk
associated with having high IL-6 levels at two time points, supporting a link between
chronic systemic inflammation and cognitive impairment. In the whole cohort, the
association was weaker and not significant, which might reflect effect dilution due to
misclassification of long-term inflammation exposure in statin users. It is also possible that
statin use may attenuate the association, although this observational study could not
distinguish the influence of statin use per se from underlying differences in statin users, such
as greater vascular risk or CVD burden. It was also found that each doubling in IL-6 change
over 20 years was associated with 40% greater odds of cognitive impairment, which is
similar to the 35% greater odds of cognitive impairment observed in the Cardiovascular
Health Study All Stars with 9 years of follow-up.18 In contrast, a study in Uppsala, Sweden,
had I1L-6 measures from men at age 70 and 77 and found that longitudinal change was not
associated with risk of AD or dementia.1® No association was observed for 1L-6 measured at
a single time point, consistent with some previous large cohort studies, 2921 although
positive associations have also been reported.1”12 When classified using measures from
multiple time points, greater IL-6 exposure is associated with greater risk of cognitive
impairment.

The CRP results are more difficult to interpret. High CRP level in 1988-1990 and 1998-
2000 was associated with lower risk of cognitive impairment than consistently low levels,
whereas 20-year change in CRP was not associated with cognitive impairment in the whole
cohort. In statin nonusers, 20-year CRP change was significantly associated with cognitive
impairment (37% greater odds per doubling in CRP change). The lack of association for 20-
year CRP change in the whole cohort probably reflects a substantial increase in statin use,
which reportedly affects CRP levels. In this population, between 1998-2000 and 2009-
2010, CRP levels decreased on average in statin users but not in nonusers.*2 Two studies
previously examined change in CRP with cognitive impairment, and one was consistent with
the current study findings. The Cardiovascular Health Study found that each doubling in
CRP change over a 9-year period was associated with 18% greater odds of cognitive
impairment,18 whereas the Uppsala, Sweden, study found no association with 7-year CRP
change.19 Other prospective studies investigated CRP levels measured at a single time point.
They reported positive,16 marginal, 17 or null19:20.22.23 5ssciations with dementia or AD
risk, although two of these observed significant inverse associations in models adjusted for
fewer covariates.2923 Thus, despite no previous studies comparing individuals with multiple
high CRP levels with those with multiple low CRP levels, the current study’s observed
lower risk in individuals with high-high CRP was unexpected based on the existing
literature.

Inflammation can be beneficial or harmful. Low CRP levels could be a marker of poor
immune function in less healthy participants who may have a higher risk of cognitive
impairment. Thus, it is possible that the choice of the low-low CRP category for the
reference group may have contributed to the observed lower risk for high-high CRP. When
the “all other” category was used as the reference, the high-high CRP group still had
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significantly lower cognitive impairment risk, although their lower odds of MCl/dementia
was no longer significant. It is possible that higher inflammation levels protect against
dementia, as a brain tissue study that indicated that very old people with normal cognition at
death had upregulation of genes related to inflammatory and immune function suggested.46
Yet such findings could also reflect a hardy survivor effect. Several others have suggested
that high CRP with normal cognition at older ages may characterize a resilient subgroup
with countervailing protective factors that have not been identified.#” A recent study of
cognitively intact adults aged 75 and older found lower dementia risk in relatives of those
with high CRP, suggesting that familial, possibly genetic, factors may contribute to
resiliency.8

Several potential mechanisms might explain an association between inflammation and
cognitive impairment. It may be that inflammation is associated with dementia through
vascular mechanisms. Inflammation is associated with cardiovascular>%14 and
cerebrovascular disease,*® and both these diseases could contribute to dementia. It is also
possible that inflammation is associated with dementia independent of vascular-related
conditions. Accumulating evidence indicates that cytokines play a central and complex role
in numerous healthy-state cognitive processes on the molecular level through pathways such
as synaptic plasticity, neurogenesis, and neuromodulation. 59 Cytokines mediate cellular
mechanisms involved in cognition such as cholinergic and dopaminergic pathways and can
facilitate neurodegeneration or regeneration. > Some evidence indicates that peripheral
cytokines can penetrate the blood-brain barrier, for example, through circumventricular
regions less protected by the blood-brain barrier®! or through stimulation of the vagal
nerve.52:53

Strengths and limitations of the current study should be considered when interpreting the
results. In particular, some of the observed null associations could be due to lack of power,
hardy survivor effects, or use of systemic inflammatory markers rather than measures of
brain inflammation. Levels of IL-6 from 1988-90 were available only for a subset, limiting
power to detect modest associations. Included participants were generally healthier than
those who were not included because of missing data, as expected in a long-term study of
older adults. Thus, these results may only apply to those who are healthier and survive to
older ages. In addition, in those with exposure data, greater proportions were lost from the
higher inflammation categories. Given that cognitive impairment is a major factor related to
attrition in population-based studies of older adults>* and that attrition was greater in higher
inflammation categories, it is possible that differential losses to follow-up (e.g., hardy
survivor effect) affected the findings. It is likely that such potential bias would lead to
underestimated associations and could theoretically explain the unexpected lower risk
observed in those with high-high CRP. However, this was a large, prospective, population-
based cohort with consistently high participation rates, and home and nursing home visits
were provided to minimize loss to follow-up. This cohort was predominantly non-Hispanic
white, which may limit the generalizability of results or potentially explain different results
in studies of other racial or ethnic groups (e.g., evidence linking high CRP and dementia risk
is largely based on results from a Japanese-American cohort!6). No depression- specific
measure was collected at baseline, and although analyses were adjusted for baseline SF-36
MCS (generic mental health), residual confounding could exist. The cognitive impairment
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outcome was based on MMSE performance or reported AD diagnosis rather than diagnostic
evaluations, yet results were largely similar for a second outcome available only in 2009-
2010, MCl/dementia, which was based on additional cognitive tests and memory concerns.
The 10-year follow-up for incident cognitive impairment provides a biologically plausible
time period for a potential causal role of inflammation in impairment and reduces the
chances that the observed associations reflect a reverse causal direction. Unlike most
previous studies, CRP and IL-6 levels were obtained from three time points over a 20-year
period, enabling a better proxy measure of long-term inflammation.

In conclusion, this study supports existing evidence of an association between IL-6 and
cognitive impairment and demonstrates the importance of multiple measures over time.
There was also a suggestion that a long-term increase in CRP levels may be associated with
cognitive impairment. Additional prospective population-based studies with multiple
inflammatory marker measures are needed to confirm or refute these findings.
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Figure 1.
Proportion without cognitive impairment according to 10-year interleukin-6 profile (based

on estimated survival curves). No participants were cognitively impaired at baseline (1998-
2000).
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Figure 2.
Proportion without cognitive impairment according to 10-year C-reactive protein profile

(based on estimated survival curves). No participants were cognitively impaired at baseline
(1998-2000).
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Table 1

Baseline Characteristics of Analytical Sample? According to Development of Incident Cognitive Impairment
in Participants without Cognitive Impairment at Baseline (1998-2000)

Did Not Develop Cognitive Developed Cognitive Age- and Sex-

Characteristic Impairment, n = 1,769 Impairment, n =178 Adjusted P-ValueP
Male, n (%) 724 (40.9) 72 (40.5) 31
Age, n (%)

53-59 504 (28.5) 7(3.9) <.001

60-69 692 (39.1) 42 (23.6)

70-79 457 (25.8) 84 (47.2)

80-97 116 (6.6) 45 (25.3)
Education, years, n (%)

<12 211 (11.9) 58 (32.6) <.001

12 887 (50.1) 84 (47.2)

13-15 317 (17.9) 22 (12.4)

>16 354 (20.0) 14 (7.9)
Obese (body mass index = 30.0 kg/m?), n (%) 847 (48.7) 75 (43.4) .59
Smoking status, n (%)

Never 823 (47.0) 86 (49.1) .05

Past 746 (42.6) 70 (40.0)

Current 182 (10.4) 19 (10.9)
Ever heavy drinking, n (%) 404 (23.0) 51 (29.1) .006
Exercise = 1/week, n (%) 785 (44.8) 66 (37.7) .75
Diabetes mellitus, n (%) 195 (11.1) 25 (14.3) .65
Hypertension, n (%) 984 (55.7) 123 (69.5) 13
Cardiovascular disease, n (%) 220 (12.6) 31(17.7) .70
History of stroke, n (%) 23(1.3) 9(5.1) .04
Self-rated health, n (%)

Excellent 388 (22.2) 24 (13.7) .008

Good 1,172 (67.0) 112 (64.0)

Fair or poor 190 (10.9) 39 (22.3)
Nonsteroidal anti-inflammatory drug use, n (%) 1,269 (72.5) 132 (75.4) .60
Aspirin use, n (%) 923 (52.8) 105 (60.0) 44
Statin use, n (%) 360 (20.6) 38 (21.7) .95
APOE &4 carrier, n (%)C 229 (14.8) 16 (11.0) 40
Medical Outcomes Study 36-item Short-Form Health 558+7.0 53.9+8.4 <.001
zlljjr(\j/ey Mental Component Subscale score, mean +

Percentages are of the number with data for a given covariate and counts may not sum to the total N for the column because of missing data (<2%
missing for all variables, except apolipoprotein E (APOE) &4 carrier, see below).
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aAnalytical sample is 1,947 participants without cognitive impairment at baseline and with necessary inflammation and cognitive follow-up data.
Table compares those who developed incident cognitive impairment at 5- or 10-year follow-up with those who did not.

bP-values are adjusted for age and sex, except the P-values for sex and age, which are adjusted for age only and sex only, respectively.

CAPOE genotype data were available for 1,691 (86.9%) of the 1,947 included in the analyses.

dRange 0 to 100, higher scores representing better mental health.
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